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THESE YEARS OF U.S. AERONAUTICAL RESEARCH HAVE RESULTED IN SPECTACULAR PROGRESS 
THAT WILL HE DIFFI(:LLT TO MATCH. PARTICULARLY SINCE THE RATE OF ADVANCEMENT TYPICALLY 
SLOWS AS A SCIENCE MATURES. HOWEVER, TODAY'S RESEARCHERS DO HAVE SOME SIGNIFICANT 
ADVANTAGES. WE HAVE SEEN THAT COORDINATEI) PUBLIC, PRIVATE, AND UNIVERSITY RESEARCH 
CAN ACCOMPLISH REMARKABLE ADVANCES, AND THAT AMERICAN INDUSTRY HAS THE CAPABILITY 
TO APPLY THE RESULTS IN THE MANUFACTURE OF SUPERIOR AERONAUTICAL PRODUCTS. THE 
NATION AL IMPORTANCE OF COMMERCIAL AND MILITARY AVIATION IS EVIDENT, AND WE PRESENTLY 
HAVE FAR MORE INFORMATION, AND FAR MORE ADVANCED TOOLS, WITH WHICH TO IDENTIFY AND 
ADDRESS TECHNOLOGY NEEDS AND OPPORTUNITIES. THERE IS A GOOD BASIS FOR OPTIMISM THAT, 
BUILDING ON THE NACA/NASA IIISTORIC.AI. BASE NI) USING ADVANCED FACILITIES AND 
COMPUTERS, THE NEW GENERATIONS OF PERSONNEL AND LEADERSHIP WILL SUCCESSFULLY MEET 
THE GREATER o:IIALLENO;ES OF THE TWENTY-FIRST CENTURY ANI) BE AT LEAST AS PRODUCTIVE AS 
THEIR TWENTIETH CENTURY PREDECESSORS.
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THIS BRIEF OVERVIEW OF OUR AERON tTICAL RESEARCH SPANS MORE THAN T1IREE-QtAR'I'ERS OF A CEN'l' till. 
OVER THE YEARS, THE NATION Ai, ADVISORY COMMITTEE FOR AERONAUTICS AND THE NATIONAL 
AERONAUTICS AND S p.CF: ADMINISTRATION HAVE BEEN PROUD OF THE RECOGNITION AND HONORS TIlE 
WORLD HAS GIVEN TO OUTSTANDING RESEARCHERS AND THEIR CONTRIBUTIONS. AERONAUTICAL 
RESEARCH, OF COURSE, IS A TEAM EFFORT. SUCCESS REQUIRES BOTII THE CREA'I'IVI'I'Y
 AND LEADERSHIP 
OF KEY PEOPLE AND THE DEDICATED, COMPETENT, AND OFTEN BRILLIANT EFFORTS OF NUMEROUS 
SCIENTISTS, ENGINEERS, TECHNICIANS, AND ADMINISTRATIVE PERSONNEL. A LRGE NUMBER IIAVF; 
DEVOTE!) THEIR ENTIRE CAREERS TO NACA/NASA AERONAUTICS. 
THIS BOOK IS RESPECTFULLY DEDICATE!) TO ALL OF THOSE INI)IVII)t AI,S WII() HAVE 
CONTHIBE TED TO NACAs ANI) NASA's SUCCESS IN AERONAUTICAL RESEARCH.
Foreword
nitiate(l in 1915. NACA/NASA aeronautical programs 
have been the keystone of a sustained U.S. Government, industry, and university 
research effort which has been a primary factor in the development of our remark-
able air transportation s y stems, the country 's largest positive trade balance compo-
nent. and the world's finest military air forces. 
The modern airliner can routinel y fly several hundred passen-
gers, and substantial cargo, almost halfwa y around the world. Modern military air-
(raft have flown at speeds greater than 2000 miles per hour. Both are descended 
from a vehicle which flla(le the first powered flight in 1903 carrying one man at less 
than 40 mph for a distance of 120 feet - about half the length of toda y 's airliner. 
Much of the advancement is a direct result of aeronautical research conducted in gov-
ernment and private facilities throughout the world. 
Continued progress and competitive success in aviation's second 
century will demand technology advances as great as those we have alread y achieved. 
Our success in meeting the challenges will depend on how well we appl y the knowl-
edge acquired in the past eight decades of aeronautical research and how effectively 
we maintain the qualit y of staff and facilities that made earlier achievements possible. 
NASA's aeronautical research is now conducted at the Langley 
Research Center in Virginia, the Lewis Research Center in Ohio, and the Ames 
Research Center/Amnes-Dr y den Flight Research Facilit y in California. The history of 
the research, including the important contributions of individual researchers and 
Centers. is well documented in a number of interesting and more detailed publica-
tions. Outstanding examples of these publications, which have provided much of the 
source material for this hook, are cited in the bibliography. 
This brief overview summarizes the flow of events, and the 
major trends. that have led from the NACA origins to the present NASA Aeronautics 
program. and indicates some important directions for the years ahead.
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SThe Formative Years 
Aeronautics progressed rapidly in the decade immediately 
following the first heavier-than-air powered flight in 1903 by the Wright brothers. By 
1915, aircraft were far more advanced, in both appearance and capability, than the 
Wright Flyer. Nevertheless, they were still rather primitive. In the United States 
there was no widespread appreciation that the airplane would significantly affect the 
country's economic or militar y
 strength. At the start of World War 1, although there 
were several thousand European military aircraft, the United States had only twenty-
three.
Fortunately, a small group of scientists and military officers did fore-
see the importance of aviation. Largely through the efforts of the National Academy 
of Sciences and the Smithsonian Institution, they were able to convince several influ-
ential members of Congress of the need for an aeronautical advisory committee and 
an aeronautical research laboratory. With little public notice and no debate, the 
Advisor y
 Committee for Aeronautics was created in a rider to a 1915 Naval 
Appropriations Act. The Committee itself, at its first meeting, upgraded the stature 
of the new organization b y
 adding the word National" to its name. 
During the first ten years of its existence, NACA was involved in vir-
tually all aspects of aviation, including resolution of Patent and licensing disputes. 
navigation aids, military procurement problems, airfield location, and air mail 
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experiments. Committee members were instrumental in securing passage of the Air 
Commerce Act of 1926, which created the Ru rea u of Air Commerce all(] allowed 
NAL\ to focus on the primary task of aeronautical research 
Equipping a research laboratorN from scratch proved it much more 
difficult task than changing the committee's name or clarifviiig its mission. 
Aerod y namic testing of sorts had been performed by experimenters iii the17 00s  and 
even earlier, and mechanisms crudely resembling the modern wind tunnel were in use 
in the mid-1800s. At the start of the twentieth centur y . the wind tunnel was still the 
primary tool for aerodynamics research. but only two such facilities existed in the 
United States the \\ right brothers tunnel in Dayton. Ohio. and one 1)11111 at 
Catholic University in Washington. D.C. The INACA staff had a lot to learn before 
the y (0111(1 even start acquiring an experimental capability. They learned quickly. 
initially benefiting from European experience, and by 1920 the Langley Laboratory 
had it ruidimentar 5-foot-diameter wind tunnel operating. 
It was recognized that the use of compressed rather than ambient air 
in small-scale model testing could provide a more accurate representation of full-scale 
flow conditions (higher Reynolds number). B y 1923 a revolutionary variable-density 
tunnel ( V DT) had been built. Although shut down for over three years because of 
fire damage in 1927. the VDT by 1933 had made it maj or research contribution in the 
form of ssteniatic and comprehensive aerod y namic data on a series of 78 airfoil sec-
tions. These data and subsequent similar airfoil research documented the effects of 
varying parameters such as shape. thickness. and curvature (camber). Designers 
could now select the airfoils most suitable for specified performance ob j ectives and 
could determine Iios best to accommodate structural thickness requirements and 
other practical design constraints. 
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The agency was now developing a solid base of theoretical capability, 
which both guided and complemented the wind tunnel tests. By the late 1930s. sever-
al series of NACA airfoils had been developed, offering significantl y increased lift and 
reduced drag. At the same time, improved theoretical methods ha(I been developed 
for calculating the airflow and pressure distribution over a given wing anti, more 
importantly, for defining an airfoil shape to produce a desired pressure distribution. 
As often happens in research, serendipity played a significant role in 
several of the early accomplishments. One of the first published NACA reports con-
tamed small-scale propeller test results which, when compared with flight data. 
showed poor correlation. It was decided to construct a special Propeller Research 
Tunnel (PRT), large enough so that actual propellers could be tested, along with the 
actual engines and fuselages. The PRT became operational in mid-1927 and pro-
duced not only the desired propeller research capability but some unexpected and 
extremely important bonuses as well. 
One PRT research discovery was that landing gears accounted for for as 
much as 40 percent of the fuselage drag a finding that quickly led designers to 
develop retractable landing gears. Another was that multiengine aircraft perfor-
mance was improved by placement of the nacelles in the line of the wing chord plane, 
as was done shortly thereafter in design of the DC-3, B-17. and 8-24 aircraft. 
The best-remembered achievement in this period, of course, was the 
discovery that a streamlined cowling covering the air-cooled engine c ylinders dramat-
ically reduced the drag of the c ylinders and their cooling fins, which previousl y had 
contributed almost one-third of the fuselage drag. Moreover, with properly designed 
internal flow provisions, the engine cooling was actually better with the cowling than 
with the exposell cylinders. The NACA cowling was first reported in late 1928. less 
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pNew facilities con-
structed during the 
1930s created novel 
test capabilities that 
were used to great 
advantage during 
World War II. 
Shown here are the 
Spin Tunnel (top 
left). the Free-Flight 
Tunnel (bottom 
left). the Full-Scale 
(30X60(Tunnel 
(right), and Towing 
Tank No. 1 (top 
right) 
Systematic PRI 
investigation of 
wing-nacelle com-
binations (1930) 
determined drag 
and performance 
variations as a 
function of nacelle 
location
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than eighteen months after the PRT went into service. It was effective for speeds up 
to about 350 mph (Mach 0.5) and led to a famil y
 of cowlings successfull y developed 
over the next decade for speeds up to Mach 0.84. Although NACA did not pursue jet 
propulsion research aggressively until after World War II, it used one of these higher-
speed cowlings in earl y ramjet investigations in 1941. 
The 7x 10-foot Atmospheric Wind Tunnel (AWT) at Langley became 
operational in 1930. It was large enough for research on high-lift flap devices, and 
had a unique six-component floating-frame balance that could measure forces and 
moments about each of the axes. It also had provisions for measurement of local 
pressures at specific points on the wing an(l control surfaces. The AWT was the fore-
runner of other tunnels built at both Langley and Ames. Research performed in these 
tunnels produced an important knowledge base and essential design data relative not 
only
 to basic performance but also to aircraft stabilit y
 and control, power effects, fly-
ing qualities, aerod y namic loads, and high-lift systems. 
The early accomplishments demonstrated the value of high-quality 
versatile test capabilities, and important new facilities were constructed (hiring the 
1930s. The 30x60-foot Full-Scale Tunnel became operational in 1931, permitting low-
speed testing of actual aircraft. Towing Tank No. 1 ( 193 1 ) offered the capability for 
h y drod y namic research on seaplanes and flying boats. The Engine Research 
Laboratory. Jila('e(l in operation in 1934, was utilized in research on engine perfor-
mance, efficienc y, cooling, ignition, combustion, and fuel behavior. 
Two small tunnels, l)o%%erl by compressed air exhausted from the 
VDT. were capable of brief but productive tests on airfoils at near-sonic velocities. 
The 8-foot High-Speed Tunnel. capable of continuous speeds to Mach 0.75. was com-
pleted in 1936. The Spin Tunnel and the Free Flight Tunnel. using dynamically 
scaled small models. permitted research on spin characteristics, spin recovery, and 
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dynamic stability an(] control. The 19-foot Pressure Tunnel was activated in 1939 to 
obtain data at full-scale Reynolds number in tests of large models of new or proposed 
aircraft. And a Structures Research Laboratory was built, highlighting the emer-
gence of structures research as a major element of the research program. The Low 
Turbulence Pressure Tunnel was activated early in 1941 as a primary facility for air-
foil research.
NACA's first quarter-century produced numerous important contri-
butions to the advancement of aviation, and saw construction of a variety of unique, 
world-class research facilities, many of which remain in productive use toda y. In 
addition. the earl y
 NACA researchers developed a balanced effort including both 
fundamental and applied research, and the y
 cultivated close working relationships 
with the evolving manufacturing and operating communities and with the universities 
and other research organizations. These patterns of operation laid the framework 
for coordinated and highly successful national progress in aeronautics. The princi-
ples of balanced effort and close coordination with the external aviation community 
have characterized the NACA and NASA programs ever since. •
13
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Dpite its impressive start and the activation of high-quality 
facilities, NACA was still a small organization with very limited resources at the start 
of World War II in 1939. The total research staff complement was under 300, sup-
ported by approximately 250 administrative and service personnel. With the occa-
sional exception of universit y
 projects, the research was conducted entirely at 
Langley Field in Virginia. The threat of war brought about an increase in funding to 
expand the efforts in aerod ynamics, propulsion, and structures. 
Most significantly, the additional funding was to start construction of 
a second aeronautical research laboratory
 (now Ames Research Center) at Moffett 
Field in California in 1940 and a dedicated engine research laboratory at Cleveland, 
Ohio, in 1941 (now Lewis Research Center). Two 7x10-foot tunnels and a 16-foot 
high-speed tunnel were built and became operational at Ames in time to see active 
and important wartime service, as did the Altitude Wind Tunnel for engine testing 
completed at Cleveland early in 1944. These initial wind tunnels at the two new labo-
ratories marked the beginning of a long-term growth period which resulted in the 
impressive array of unique facilities now seen at each of the three Research Centers. 
Wartime pressures led to more than a fivefold increase in the 
research staff. The research was directed almost exclusively at the support of inili-
tary aircraft development and improvement and at the solution of operational prob-
lems. With all three laboratories making invaluable contributions, the results bore 
out the wisdom and foresight of the 1915 legislative action. 
All of the primary U.S. WorldWar 11 eomhat aircraft had been 
designed using NACA low-drag airfoils, cooling and exhaust methods, and high-lift 
devices. The designs had also benefited greatly from lessons learned in an extensive 
series of 'drag cleanup tunnel tests on full-scale aircraft in which the drag effects of 
surface roughness. wrinkles, air scoops, antennas, external struts. exposed rivet 
15
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heads, lapped j oints, surface gaps and air leaks. and a variet y of other design and 
manufacturing details, were isolated and reduced. NACA research was credited with 
having made 1 )ossil)IC the INav N's developnient of the first aircraft capable of vertical 
(live bombing.
Throughout the war. militar y designs were constantly brought to the 
laboratories for test and evaluation and for resolution of technical problems encoun-
tered in (levelollinent or service. Between 1941 and 1913. NACA wind-tunnel, tow-
ing-tank. and flight tests were coniliiitcd on more than 100 inilitiii'v aircraft. Many of 
the findings were reflected almost immediatel y in design changes', others provided a 
basis for inipro%enieflt in subsequent versions. 
Examples of NACA!industrv wartime B&I) accomplishments include: 
Important improvements in combat aircraft lateral control were made by 
reduction of aileron control forces on the P- IT. P-51. P-63. and -26 airplanes 
through application of differential linkages, control balance devices, and ser- 
votabs. Similar balance devices were also used to reduce bomber longitudinal 
control forces. 
A kit to correct P-Si high-speed directional control deficiencies b y field instal-
lation of a dorsal fin and improved rudder tab linkage was developed and was 
delivered in time for installation prior to the Norniandv inN asion 
\ertical tail redesign cured directional instabilit y on the B'l'2 1)-I torpedo 
bomber. and wing jilanforin modifications eliminated serious lateral stability 
and control deficiencies on the XBT2C-1 torpedo bomber. 
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tighter model is 
shown (top) in a 
wind tunnel test 
with a high-speed 
version of the 
NACA cowling. A 
Lockheed P-38 
twin-fuselage tight-
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torn), under test in 
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Me 
I	 \	 \ 
P132Y flying boat hull redesign produced improvements in h ydrod y namic per-
formance, stabilit y, and spra y suppression and resulted iii a fourfold increase 
in payload for long-range missions. Similar improvements made possible a 50- 
percent increase in maximum takeoff weight capability for the PBM-3 
Mariner. 
Research on emergency water landings of land-based combat aircraft resulted 
in increased crew survivabilit y through development of optimum ditching tech-
niques for a variety of aircraft and a structural reinforcement kit for the B-24 
Liberator. 
• Development of dive recovery flaps for the P-38. P-47. and A-26 (and later the 
experimental P-59 jet aircraft) provided a necessar y interim fix for the newly 
encountered compressibility induced problems of control loss and tail failures 
in high-speed dives. 
• Redesign of the P-5113 Mustang bell y scoop cured high-speed flow instability 
which was so serious that production had been halted. Modifications to the 
P-63 Kingcobra scoop resulted in significant improvement in high-speed 
performance. 
20
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• Extensive research on the Allison 1710-45 engine used on the P-38. P-39, P-40. 
and P-63 aircraft led to modifications that effectivel y increased power b y more 
than 35 percent. 
• Improvements in turbo-supercharging, (arburetion, and cooling for the 8-29 
Superforiress powered b y Wright R-3350 engines resulted in important and 
timely
 increases in B-29 altitude and payload performance. 
Research identified the causes of high-altitude observable vapor trails and 
provide(l the basis for improved bomber survivabilit y through changes in 
flight procedures which greatly reduced the condensation. 
An improved method of flush riveting was developed, enabling the manufac-
ture of the low-drag wings needed for the high-performance aircraft produced 
in the latter years of the war. 
Apart from the numerous specific accomplishments, the World War 
11 experience provided an important and far-reaching additional benefit in that it 
strengthened the working relationships between the NACA research staffs and the 
industry
 design teams. The researchers had acquired increased understanding of 
design. production. and operational problems. and the industry engineers had found 
the research expertise and facilities a valuable asset. The wartime experience aug-
mented the technology foundation for continuing aeronautical progress in the subse-
quent peacetime years.
21
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The Post-War Years 
The end of the war, and the results of the accelerated 
wartime research, provided an impetus for further advances in aeronautical technol-
ogy and for renewed attention to civil air transportation. The benefits of continuing 
increases in performance, safety, anti efficiency were clear, anti the researchers were 
eager to apply their talents to a number of promising new areas, such as jet propul-
sion, supersonic aerod ynamics, and helicopters, in which considerable progress had 
already been made in Europe. 
Despite NACA's impressive early achievements, the pre-war 
staff and facilities had been limited, and the wartime growth had necessarily been 
applied almost entirely to development and near-term improvements. As a result, the 
agency was once again in a 'catch-up" mode with respect to some of the new research 
challenges. And, once again, it moved quickly and effectively. 
A major new goal was practical supersonic flight. Supersonic 
and transonic theoretical approaches were being pursued, but researchers were still 
highly dependent on experiment. Improved high-speed wind tunnel facilities, 
although being considered, were not y et available. Nevertheless, the interest in high-
speed research  inspired a number of ingenious alternative approaches to transonic 
and supersonic testing. Instrumented free-falling bodies were dropped from high-
altitude aircraft: small models were mounted in areas of localized high-speed flow—
that is, on the upper surface of an airplane wing or on speed bumps' in a wind tun-
nel: and rocket-propelled models were fired out to sea from a coastal launching sta-
tion. The wing-mounted model concept provided NACA's first experimental data rel-
ative to the emerging swept-wing theories for high-speed flight developed indepen-
dently at NACA and in Europe. 
The rocket-propelled model approach was found sufficiently 
promising to warrant establishment in 1945 of a Pilotless Aircraft Research Station at 
25
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Wallops Island off the Virginia coast. The rocket-model research provided limited 
but otherwise unobtainable high-speed aerod y namic (Lila. Perhaps more important-
h. the efforts devoted to test vehicle and launch vehicle development. launch opera-
tions. guidance and control, and telemetr y provided valuable it'titttot' experience 
for later missile and space activities. 
The intense interest in high-speed flight phenomena also led to 
the well-known '-airplane' programs. in which experimental aircraft were designed 
and built specificall y for transonic and supersonic flight research. \itIi strong sup-
port from the militar y , and effective industr y participation, these programs were 
highly successful. The y accomplished the desired research, further verified the 
swept-wing and delta-wing concepts. and made it possible not only to "break the 
sound barrier" hut also subsequentl y to develop entirely new families of militar y and 
civil aircraft. Moreover. they demonstrated the value of piloted flight research in the 
exploration of new flight regimes. concepts. and environments. 
Flight testing was, and remains, an integral element of the 
26
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research at each of the Centers. The new high-speed flight testing, however, required 
additional, unique aerospace and test range faculties. The Dryden Flight Research 
Facility, established for this purpose. soon became a renowned flight research facili-
ty. The X-airplane programs established a pattern for subsequent NASA exploratory 
flight research programs, generally conducted jointly with the Department of Defense 
(DoD). The early successes inspired subsequent exploratory flight research vehicle 
programs, such as the supersonic/hypersonic X-15, the XV-15 tiltrotor, and the X-29 
forward-swept-wing aircraft, as well as the X-30 research vehicle currentl y under 
study as a major focus of the National Aero-Space Plane hypersonic/transatmospher-
ic program.
The X-aircraft programs anti the flight research on high-perfor-
mance operational aircraft fostered considerable advancement in flight test facilities 
and capabilities. The Dryden Flight Research Facility became a world-renowned 
flight research facilit y , while specialized flight test capabilities were maintained at 
each of the Research Centers. 
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Shortly after the war, construction of large supersonic wind 
tunnels was begun at all three Research Centers. Modifications to several of the 
existing high-speed tunnels were also made to permit research at transonic speeds. 
The slotted throat test section, which eliminated the choking effect of the tunnel 
walls at speeds near Mach 1, was a major research accomplishment. The modifica-
tions were followed by construction of new transonic tunnels with slotted or l)00t1S 
test sections and several supersonic tunnels. Under the National Unitary Wind 
Tunnel Plan Act of 1949, large supersonic tunnels were constructed at the three 
Research Centers, with priority utilization reserved for industry testing. The coun-
try 's first hypersonic tunnel, an 11-inch Mach 7 facility built as a pilot model for a 
larger tunnel, went into operation in 1947 and was used as a research facility for 
twenty-five years. A variety of hypersonic test facilities - impulse tunnels, expan-
sion tubes, helium tunnels, blowdown tunnels. and others - were activated (luring 
the 1950s and 1960s and were used extensively in space vehicle atmospheric testing. 
The new test facilities proved their worth almost immediately, 
much as the PRT had a quarter-century earlier. The "Area Rule" concept of tran-
sonic drag reduction was discovered and verified and quickly applied in design of the 
El IF-I. F-102A, and F-106 fighters and the Convair 990 jet transport. Research on 
transonic compressors and related components led to the high-pressure-ratio com-
35-
30 
25 - 
2.0 - 
15-
1.0 - 
0.5-
aoL
1946	 47 
Year
Research Aircraft 
Prototype Fighters 
3rvice Fighters 
I	 I	 I	 I	 I	 I	 I	 I 
48	 49	 50	 51	 52	 53 -	 54	 55	 56	 57	 58 
I	 \	 \ I	 I	 I 
iessors and high-bypass fans Lise(l in today's commercial turbofan engines. And 
high-speed research on ballistic missile re-entr y 1 )nhleuls produced the l)lmint-l)o(Iy 
concept. which later became the basis for design of the Mercur y . Gemini. and Apollo 
entry vehicles.
\.lthougli high-speed flight was a primary interest followinisi 
World War 11. it was by no means the sole focus of INACA aeronautical research. .\i 
the low end of the speed sl)e(t111111, a strong helicopter research capahilit v was devel-
oped. resulting in significant advances in helicopter performance. stability. control, 
and structural d ynamics. Earlier research devoted to aircraft flying qualities criteria 
was resumed, and provided a data base for design and a technical foundation for 
both military specifications and .:ivil certification standards. The flying qualities 
research was expanded to incorporate helicopters and vertical or short takeoff and 
landing vehicles (V/STOL) .Av ariety of new \'TOL and TOL concepts were 
explored, providing a basis for the development of experimental and operational 
V/STOL vehicles several decades later. 
30
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Significant advances were made in thermal ice protection, gust 
research, and landing loads anal y sis and testing. Flight simulation was further devel-
oped as a research tool, and serious research on automatic stabilization as a primary 
design feature was begun. With the emergence of operational high-speed aircraft, 
new emphasis was placed on low-speed flight characteristics of high-speed configura-
tions (including development of the outboard-single-pivot variable-sweep concept 
employed in the F-1 11, F-14. and B-i designs). 
Research in structures and materials provided improved under-
standing of aeroelasticity, which led to improvements in flutter prediction and sup-
pression and, subsequentl y , to development of computational codes now used broadly 
throughout industry for aeroelastic analysis. Conversion of the 19-foot Pressure 
Tunnel to a Transonic Dynamics Tunnel provided an important complementary capa-
bility for flutter and dynamics testing now conducted routinely on new aircraft 
designs. This capability immeasurably increased confidence to proceed with high-
performance aircraft development and flight testing. The aerostructures research 
also developed techniques for structural shell analysis and methodologies for metallic 
structure fatigue and fracture analysis, crack growth pretli('tion, and life prediction. 
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Researchers were onl y beginning to solve the problems of super-
sonic flight. At the same time, however, because of the growing importance of ballis-
tic missiles and the possibilities of space flight, it became necessary to enlarge the 
research envelope even further and investigate the h ypersonic-speed regime. Existing 
facilities were inadequate for hypersonic testing. l)attitit1a14y with respect to aerody-
namic heating. After considerable study and discussion, it was agreed in late 1954 to 
use the explorator y flight research approach successfull y emplo yed in the X-aircraft 
progranis.
The X-15 h ypersonic research aircraft program, initiated in 
1955 as a joint effort with the Air Force and the Nav y, was a dominant element of 
INACA's activit y in the years immediately preceding the establishment of NASA. 
When the first flight was made in 1959 NACA no longer existed, but the program was 
even more timel y in view of NASA's much broader charter and responsibilities. The 
X-15 flew successfully to speeds of slightly tinder Mach 7, at attitudes as high as 67 
miles. It conducted the deserved aerod ynamic, thermal. and structures research, 
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and in addition, it was an important precursor to the manned space flight programs. 
The present Shuttle's high angle-of-attack entry, transition from space reaction con-
trols to atmospheric aerodynamic controls, artificial damping, and automatic stabili-
ty and control devices are, to a significant degree, all derived from X-15 concepts and 
experience. The hypersonic flights also provided important relevant information on 
aerotherinodynamics and structural heat protection. 
In the X-15 flight research, rocket propulsion was used for 
acceleration to the hypersonic speeds. At the same time, the Agency initiated 
research on advanced propulsion concepts for sustained hypersonic flight. It also 
demonstrate(] in flight the feasibility of flying conventional jet engines on liquid 
hydrogen fuel - an accomplishment which now, more than thirty years later, may 
take on considerably increased significance. 
During this period, extensive research was conducted on lifting-
bod y entry vehicles. Wind tunnel testing in all atmospheric flight regimes was fol-
lowed by piloted flight tests in the critical range from low supersonic speed to unpow-
ered landing. The flight research provided information—and confidence—essential to 
later design of the Shuttle orbiter. 
mat 
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Aeronautics in the Spar Era 
The aeronautical research staff anti facilities had pro-
vided much of the foundation and impetus for the Nation's space programs. Many 
elements of discipline research support both aeronautics and space flee(lS, particular-
ly with respect to manned flight. However, with the establishment of NASA and 
authorization of ambitious and exciting new space projects, there was an unavoidable 
emphasis shift with personnel, facilities, and resources applied to the urgent needs of 
the evolving space program. A reasonabl y
 effe'tive level of effort was maintained in 
most of the more critical aeronautical disciplines, and the aeronautics momentum was 
essentially regaine(l (luring the late 1960s - but the aeronautical research program 
was undoubtedl y slowed for the better part of a decade. 
In retrospect, the temporary setback can he seen to have had 
some beneficial effects. Since each element of the "comeback" had to be argued on its 
merits, the reconstituted program was stronger in many respects. Moreover, the 
increases approved were in most instances carefully selected applied research efforts 
required to achieve specific significant benefits. The successful rebuilding effort thus 
helped in the evolution of an "investment strategy" approach, which prove(l valuable 
in subsequent research planning. 
During this period, NASA also took even stronger steps to 
increase and solidify its relationships with industry, I)oL). and the academic commu-
nit y. NASA research via contracts or grants to industr y, private laboratories, and 
universities increased rapidly and now constitutes a significant component of the total 
program. In addition, the Agency pursued increased opportunities for mutually ben-
eficial cooperative programs. One particularly fruitful joint venture was the estab-
lishment, beginning in 1970. of co-located U.S. Arm y
 research organizations at the 
NASA Research Centers. Originall y
 focused on rotoreraft structures anti aerome-
chanics research. this partnership has flourished and expanded it continues to 
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pros i(lc technology for ci% ii and niilitar applications. as will as iioiioiiiics in nation-
a! research.
The birth of the spate age essentially coincided with the birth of 
the modern j et age in civil aviation. The rapid growth iii domestic and intercontinen-
tal air travel provided ample need and opportunity hr advanced tethnolngv. and a 
substantial portion of the NASA research program was devoted to air transportation 
improvement. The stipereritical airfoil technology generated during this period led to 
earl y speculation about a Mach 1 transport but instead sparked development of far 
more efficient high-speed subsonic transports. Technology for low-noise fan design 
and nacelle noise suppression, together with an extensive noise prediction data base, 
provided a basis for establishment (if, and compliance with, considerably more strin-
gent noise regulations. Pioneering propulsive-lift and tiltrotor research provided 
foundations for future advances in short-haul civil transportation, ((ingestion relief. 
and militar y logistic transport s ystems, and numerous contributions were made to 
safet y in air transportation and general aviation. 
36
Joint NASA/Army 
research activities 
have included 
cooperative rotary-
wing flight research 
and extensive 
development of tilt-
rotor concepts 
Shown are the Rotor 
Systems Research 
Aircraft (left)	 the 
XV-15 tiltrotor 
research vehicle 
(right), and its pre-
decessor the XV-3 
(bottom)
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NASA supersonic transport research led to the l S. SS'F puio-
lvi)e program now, along with European and Russian efforts. generally viewed as 
having been I)11i1at111'. That attempt, however. resulted in improved understanding 
of problems such as environmental compatibility. sonic boom. (omnllinhtv noise. and 
performance economics, and helped define requirements for additional research 
those and similar issues. One valuable b y -product of tile SST research was the devel-
opment and demonstration of advanced flight simulation capabilities as a primary 
tool in the establishment of large transport aircraft handling qualities certification 
criteria.
The strong emphasis on transport-related technology(hiring the 
earl y NASA years did not diminish the Agency's contributions to military aeronati-
tics . Aseries of' design studies resulted in the definition of variable-sweep and fixed-
sweep advanced fighter concepts embodying features later incorporated in the F-14 
and F-15 aircraft. Both programs benefited also from data bases and design 
improvements developed in extensive NASA testing. Research conducted in coopera-
tion with the military explored several VTOL concepts for potential militar y mission 
applications.
The start of the space programs had been made possible by an 
initial base of technology. data, anal ytical techniques, test capabilities, and expertise 
derived largely from aeronautical research. Cons erseI the quality and scope of
-4 
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aeronautical research today owe quite a bit to the stimulation provided by the space 
programs. This tren(l has heeii particularly evident with respect to flight systems and 
materials.
With the advent of guided missiles and high-performance air-
(raft requiring enhanced stability and control, aeronautical researchers had adopted 
analytical techniques employed b y
 electrical engineers and servomechanism design-
ers. These techniques, and simulation capabilities made possible by development of 
the analog computer, were effectively used by NACA in the X-15 program and pro-
vided a basis for subsequent spacecraft stability and control analyses and simulation. 
The challenging guidance and control problems associated with the Apollo program, 
however, necessitated even more advanced and sophisticated solutions. The capabili-
ties and hardware developed to meet the needs of the manned lunar ffight programs 
greatly
 enhanced NASA's ability to pursue aeronautical control system advances and, 
in fact. led directly to the initial NASA F-8 digital fly-by-wire aircraft flight control 
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The increasing use of simulation in aeronautical research and 
the departure from simple mechanical controls required additional expertise in relat-
ed areas such as displays, electronics. and human performance. Research in controls 
afl(l guidance, flight s y stems, and human factors has grown considerabl y and is now a 
major component of the aeronautics program. NASA was a major contributor to 
development and adoption of the Microwave Landing S ystem (MLS ). Flight simula-
tion and flight testing validated curved approach feasibilit y and 1 )rovitic(l a basis for 
sy stem specifications, design criteria, and international agreement on the U.S. MLS 
approach as the world standard. 
The space programs can also be credited with accelerating the 
pace of advances in computer development. Now. increasingly powerful computers 
and stipercu ill puters, and the anal y sts who emplo y them, have become an indispens-
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able component of our aeronautical research capability. Computational fluid dynam-
ics. internal fluid mechanics, and structural mechanics are major elements of the 
program which not onl y complement but, in man y instances, guide the experimental 
efforts. Computational codes derived from research conducted or supported by 
NASA are used commonl y throughout the industry for flow field analy sis. design opti-
mization. and finite-element anal ysis of stress, vibration, and heat-transfer charac-
teristics.
The Numerical Aerodynamic Simulation (1NAS) program was 
initiated to provide cutting-edge su)ercom)uting capability for continued leadership 
in computational aeronautics and related fields. The program vision is to provide. by 
the year 2000, anoperational computing system and associated software capable of 
simulating an entire aerospace vehicle system within several hours. The NAS facility 
at Ames Research Center - which has become the centerpiece of the aeronautics 
c. l Inl)utational capability - contains supercomputers that have data links to other 
\ kSA Centers and aerospace companies and are used extensively in the space pro-
grams. as well as in pioneering aeronautical research. In addition, through intercon-
nection with various national networks. they currently support approximately 140() 
researchers throughout the countr y . •
41
I	 I
4 W-M
Focused Technology Programs 
Two activities undertaken during the 1970s were signifi-
cant departures from NASAS normal research approach. The two efforts empha-
size(l close relationships with industry in cooperative, jointly funded applied 
research. In different ways, they
 both promoted technology
 advancement in specific 
target areas, through programs highly focused on potential applications. The 
Supersonic Cruise Research (SCR) program was initiated shortly after the U.S. SST 
prototype program was canceled in 1971. The SST effort had uncovered technical 
problems that available technology could not adequately overcome, but supersonic 
transportation was still viewed as a desirable goal. The SCR ob jective was therefore 
to develop improved technology upon which successful future developments could be 
based. Cooperative NASA/industry design and systems studies were conducted 
throughout the program as a guide for the research and a mechanism for evaluating 
the resulting technology advances. 
During the SCR program, a 25- to 30-percent increase in super-
sonic lift-to-drag ratio was realized in a structurally realistic blended-wing-ho tly con-
figuration. Large weight savings were achieved through application of superplasticat-
ly
 formed, diffusion-bonded sandwich structure technolog y , with fiber reinforcement 
providing an eightfold increase in stiffness. Variable-cycle engine technology and 
engine weight reductions resulted in a considerable increase in attainable thrust-to-
weight ratio, and significant improvements were made in noise suppression t('('hnOJO- 
g . However. serious interest in near-term commercial supersonic transport develop- 
ment did not materialize. In the face of more compelling resource requirements, the 
supersonic effort was reduced to a lower level of continuing research. 
The Aircraft Energy Efficienc y
 (ACEE) program was another 
focused NASA/industr y
 effort, directed at six specific subsonic technologies. 
Initiated in FY 1976 following the OPEC oil embargo, the activit y was originally moti-
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vated l fuel conservation concerns. it soon became apparent that. III addition to the 
fuel savings. technology for aircraft and engine efficienc y improvement could be of 
great importance in worldwide competition for multibillion dollar air transport mar-
kets. The ACEE contract ('0515 were shared with industry. In addition, recoulinirlit 
agreements were included in contracts for the Engine Component Improvement ( ECI 
element of the program because of the near-term product improvement potential. In 
vieW of the )I'oje('t('il longer-term commercial benefits, the NASA effort also ti'iggt'i'e(l 
large additional industr y research investments. which in some instances greatly 
exceeded the NASA funding. 
As anticipated, the ECI program produced engine eoiiitoiieiit 
technology for significantly improved 1t'l'loi'tmiti('t' anti performance retention in 
engine retrofits and new production. Subjects included fan blade improvement. ttir-
bine aerodvnaniics. blade tooling seals. and active clearance. Applications appt'ai'ct I 
as earl y as 1978 and are now evident in all modern transport engines. The lon ger-
term Energy i EfficiencyEngine (F F F ) effort. completed in 1981 made j ms.ilde a 
much greater reduction in cruise fuel consumption and accelerated technolog y readi-
ness for incorporation iii a new generation of fuel-efficient engines. EEC technologies 
included compressor, fan. and turbine gas-path improvements. unproved Wadin g and 
clearance control, and structural advances, and made possible a 15-percent reduc-
tion in cruise-specific fuel consumption. 
The Advanced Turboprop Program ( ATP) was directed at still 
greater efficienc y improvement for future turboprop-powered aircraft cruising at or 
near jet transport speed. It culminated in successful testing of thin, swept-tip. multi-
bladed. high-speed single-rotation. as well as dual-rotation geared and ungt'arell cc-
sions. The advanced turboprop. or unclucteil fan, technolog y represents a potential-
I N- important option for medium-range transports with iiei savings of 25 percent or 
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more relative to equally advanced turbofan engines. To date, however, the technolo-
gy has not been incorporated in actual transport development. Research is continu-
ing, with additional emphasis on ultra-high-bypass ducted fans suitable for wing 
pylon mounting on large, long-range aircraft. 
The Energy Efficient Transport (EET) program focused on 
aerodynamic and control concepts such as high-aspect-ratio, low-sweep supercritical 
wing technology ; new high-lift devices: propulsion/airframe integration: digital avion- 
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ics, and active controls. It led to the application of winglets, which have now 
appeared on the Boeing 747-400, MeDonnel Douglas Ml)-1 1. and other aircraft, and 
the wing load alleviation system developed for the Lockheed L-101 1-500. The 
Composite Primary Aircraft Structures (CPAS) program built upon previous NASA 
composites research and cooperative efforts with industry in development and flight 
service validation of secondar y structural components. This program involved the 
fabrication and successful flight testing of primary- composite empennage structures, 
but (lid not progress as originally planned to the validation of large wing and fuselage 
structures, nor did it resolve manufacturing technology or cost problems.
 
Subsequent NASA and industry research has addressed the broader use of compos-
ites in large primar\ structures for civil transports. 
Laminar Flow Control (LFC) was recognized earl y in the pro-
gram as a high-risk, long-term endeavor. The ACEE effort furthered considerably 
the LFC active suction research and provided the basis for development of a more 
practical and economical h y brid" approach combining active control with natural 
laminar flow. The hybrid approach has been successfull y tested recently in flights of 
an experimental installation on a B-757 transport. 
In all, these focused efforts demonstrate the benefits of 
NASA/industr y cooperation in developing and validating advanced technology for use 
in civil applications. They also demonstrate that such undertakings involve critical 
selection and timing considerations, as well as high cost and economic as well as tech- 
nical risk, and must be reserved for situations of major national importance. The 
l)ol)/NASA National Aero-Space Plane (NASP) effort is the most prominent example 
of a major focused program undertaken in recent years.
47
ORIGINAL PAGE

COLOR PHOTOGRAPH
He'nt .(lvan(t 
Dspite the reduced emphasis on focused technology 
development efforts, the overall aeronautics program remained strong during the 
1980s, and in fart, was demonstrabl y productive in critical areas: 
Research on advanced drag reduction concepts including natural laminar flow, 
h y brid laminar flow control, and turbulent drag reduction devices progressed 
into large-scale ground testing and preliminary flight experimentation, with 
very promising results. 
•	 Advanced turboprop analytical and model-test results were verified in large-
scale flight testing. 
• Considerable progress was made in the development of high-temperature 
engine materials, digital electronic engine controls. and airframe/engine eon-
t rols integration. 
• Mathematical models and software algorithms for optimized fuel-economical 
flight trajectories were developed and validated and are currentl y in use by 
commercial airlines. 
• Improved air transport flight management svstenl and displa y concepts were 
developed incorporating flight path optimization and time-based flight man-
agement consistent with air traffic control constraints.
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0 Cockpit s y stem and display research included iInprovctlwnts to Traffic Alert 
and Collision Avoidance S ystems (TCAS ) and wind shear detection capability. 
(One recent outgrowth of the research is a flat electroluminescent display 
panel now used in U.S. Army tanks.) 
Laboratory and flight research on the effects of lightning strikes resulted in 
improved understanding of lightning encounters and avoidance, and the devel-
opment of new international"electromagnetic threat" standards for use in the 
design of aircraft digital components and subs stems. 
New ice protection concepts compatible with advanced transport propulsion 
systems and structural materials were developed and tested. 
•	 Impressive progress has been made in computational fluid dynamics. CFD has 
become an invaluable tool in the research programs. With various simplifying 
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assumptions compatible with the capabilities of available computers, CFD is 
also used routinel y in practical design. The CFD research is developing more 
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accurate and efficient Prediction methods by which, as continuing supercom-
puter advances materialize, the complete, unsimPlified equations of fluid 
motion can eventuall y be solved in suitabl y economical, practical, design 
applications. 
•	 Further advances were made in rotorcraft aeroacoustics and vibration reduc-
tion and in tiltrotor technology. 
•	 Research on supersonic short-takeoff/vertical-landing technology was 
initiated. 
•	 Sustained commitment to fundamental hypersonic research, even through 
periods of severely constrained budgets, made possible the initiation of the 
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National Aero-Space Plane (NASP) program. Since then, support to NASP 
has reinvigorated the hypersonic research activit y , with several inactive facili-
ties restored to service and improvements being made to others. Various 
hypersonic engine models have been investigated. and major advances have 
been made in scram jet mixing and fuel inj ection techniques. Significant 
advances have also been made in high-temperature materials and structural 
concepts. 
• The National Transonic Facilit y was built to permit experimentation at full-
scale flight Rev nolds number bv testing in a super-cold ( cryogenic) environ-
ment. 
• An aggressive revitalization program was initiated to update and modernize 
critical wind tunnel facilities and supporting instrumentation and data 
systems. 
• New instrumentation approaches were developed to improve wind tunnel accu-
racy by the introduction of nonintrusive sensors based on laser and thin-film 
technologies and by new techniques for flow field visualization. 
Innovative techniques such as adaptive walls and magnetic suspension, to dim-
mate wall effects and model support interference, were developed and success-
fully tested. 
	
•	 Quiet tunnel concepts for accurate experimentation on supersonic flow tran-

sition and turbulence phenomena were developed. 
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• Flight research produced essential corroborative data and unproved under-
standing relative to variable camber, vortex flaps, integrated engine/airframe 
control, and high-performance aircraft stability and maneuverability ility at very 
high angles of attack. 
The X-29 research aircraft flight program verified the perfor-
mance benefits of the forward-swept-wing concept, and also provided important 
information on control of an aircraft with a large degree of negative static longitudi-
nal stability, aeroelastic tailoring of composite wings, and integration of multisurface 
digital fly-by-wire pitch controls. Suitabl y modified F- 11, F-106, F-15, and F-18 air-
craft were used as test vehicles. 
Support to universities was strengthened (luring this period by 
increased research grants and inauguration of hypersonic training grants, mainte-
nance of university-staffed Research Institutes at NASA Research Centers, establish-
went of universit y-based Centers of Excellence in emerging sciences, and establish-
went of Joint Institutes - some for NASAlnniversit y interchange in selected research 
areas and some for involvement of undergraduate students and professors in aero-
nautical design studies. •
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As was true in the 
early 1940s, 
research in the 
1970s and 1980s 
included explorato-
ry study at a variety 
at unconventional 
concepts. Again, 
some at these may 
remain interesting 
oddities, while 
some may warrant 
further considera-
tion in the future. 
Large transports	 - 
fueled by liquid	 -	 - 
hydrogen (top).- 
A giant tailless 
1. spanloader cargo 
aircraft dwarfing a 	 - - 
B-747 (middle) 
Jury-rig"piggy-bot-
tom" carriage of 
ultra large cargoes 
(bottom left) 
Tail-sitter 
VTOL 
right).
Complete-vehicle 
emergency para-
chute recovery 
(to p ). Twin-fuselage 
high-speed trans-
port concept (bot-
tom right) 
Oblique-wing 
configuration 
(bottom left)
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The early NACA research accomplishments, and the 
pioneer researchers who made them possible, occup y
 well-earned niches in the anals 
of aviation history. The y
 are respected and admired by today's researchers— who 
are nevertheless determined to surpass them. There are, in fact, convincing indica-
tions that the present situation reflects considerable improvement over the good old 
(lays." 
•
	
	 Significantly greater national resources are now devoted to aeronautical

research. 
The research facilities 	 laboratories, wind tunnels, test stands, specialized

laboratories. flight simulation, numerical simulation, flight testing, instrumen-
tation, data systems	 are far more advanced, more capable. and more avail-

able to private-sector researchers. 
0 Government research, once conducted totall y in house by NACA, now includes 
a high percentage of contracted and cooperative efforts in Government/indus-
try partnerships which strengthen the research and increase its relevance to 
national needs. 
• hue NASA retains its research and technolog y
 focus, the development of 
high-payoff or critical technologies is carried considerabl y farther toward vali- 
dated readiness for application, usuall y via cooperative or joint projects with 
industry or DoD.
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In a(i(litiOfl to the discipline-oriented base research, ma j or segments of the 
programs are directed at clear objectives addressing defined (lvii and military 
national needs.
Sparked by great enthusiasm and fascination with tile challenge 
of a new scientific endeavor, the pioneer researchers successfully overcame the disad-
vantages of small numbers and limited facilities. Because of their successes, aviation 
tu(laV is not onl y far more advanced, but also considerabl y more complex. 
In a field as dynamic as aeronautics, and with increasingly for-
midable international competition for huge world aviation markets, leadership can-
not be taken for granted. NASA has developed a strateg y for aeronautical research 
and technology during the remainder of this century and into the next which is direct-
ed at accomplishing national aeronautical R&D goals defined by the President's 
Office of Science and Technolog y Policy (OSTP). Six key thrusts have been identi-
fied. four related to future aeronautical development areas critical to national inter-
ests, and two to the all-important fundamental research and national research facili-
ties. Relevant programs either are already in progress or are included in future 
plans. 
Subsonic Transportation 
The subsonic thrust is to develop selected high-leverage technologies and explore new 
means to ensure the competitiveness of U.S. subsonic aircraft and to enhance the 
safety and productivity of the National Aviation System. Objectives to be ptirstul in 
cooperation with industry include technology for optimized wing concepts incorporat-
ing advanced high-lift systems and drag reduction techniques; highly reliable fl y -b y-
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light and power-by-wire flight systems; new cost-effective composite materials and 
structural concepts: high-temperature materials and components for high-thermal- 
efficienc y core engines; and safe, economical, and environmentally acceptable opera-
tion of advanced rotoreraft in the National Aviation Svsteni. 
Advances to enhance operating safet y and productivit y , to be 
developed in cooperation with the FAA and industry , include technologies for air-
borne wind shear detection systems; minimization of icing and heav y rain effects; 
advanced structural inspection and life prediction methods: airborne and ground 
measurements to enhance airport capacit y
 an(] safety; and reduced airport cominuni-
tv noise through source noise reduction, engine/airframe integration, and flight pro- 
red iires. 
high -Speed Research 
The high-speed research thrust is to resolve the critical environmental issues and 
estal)lish a technology foundation for economical high-speed civil transportation. At 
present, the primary effort is on the three environmental concerns which must be 
resolved before major high-speed civil transport decisions can he made: atmospheric 
impact, airport/community noise, and sonic boom. The ob jective is to establish clear-
ly the environmental effects and the technology needed to ensure environmental com-
patibility and to identify and verify feasible, economical approaches for satisf y ing the 
needs. The primar y issues involve reduction of engine emissions to minimize effects 
satisfactoril y on stratospheric ozone and other atmospheric qualities. reduction of 
noise to ensure compliance with the acoustic standards of to(la\ 5 (liiit'test stilisoiii 
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ciently to permit supersonic flight over land or by increasing subsonic/transonic 
cruise efficiency for constrained flight segments. 
Assuming success in the environmental phase of the research. 
the next logical step is seen as a focused NASA/industry cooperative program to 
develop and verify the technology advances essential for viable high-speed transport 
economics.
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The X-29 research	 -	 - -	 --	 -. 
aircraft (top) is one 
of several experi-
mental vehicles 
being flown in 
NASA research on 
control and manex-
verabilifyaf 
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angles of attack 
Concepts for 
improved high lift 
systems for high-
speed transports 
include the vortex 
flaps shown in flight	 --
test on a NASA modi-
fied F-106 research 
vehicle (bottom)
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High-Performance Aircraft and Hight Projects 
The high-performance military aircraft thrust is intended to provide a proven tech-
nology base for revolutionary new capabilities, including unprecedented maneuver-
ability and agilit y in future fighters. supersonic STOVL capability, and enhanced 
maneuverability and performance in high-speed rotorcraft. The current high angle-
of-attack technology program involves coordinated analysis, computation, wind-tun-
nel tests, and flight research in the investigation of fixed-wing aircraft flight and con-
trol at extremel y high angles of attack, using advanced as well as conventional control 
sy stems. The rotorcraft effort is directed at development of critical technologies for 
high-speed cruise, automated low-altitude nap-of-the-earth operation, re(lnced noise, 
and very high agility . Future research objectives will include the development of 
high-leverage technologies for enhanced survivabilit y and for highly integrated con-
trol anti pilot/vehicle systems in highl y agile aircraft. 
li v personie/Tra nsatnmospherie Vehicles 
The hvpersonic/transatmospheric vehicle thrust is directed at critical technologies 
required to support ground and flight demonstration of the X-30 NASP program and 
the development of future hypersonic vehicles. Design, development. and successful 
flight of the X-30 research vehicle will not represent the conclusion of this activity but 
rather the beginning of a new era in aeronautics in which the emerging NASP tech-
nologies will be extended and applied in a variet y of new transatniospheric and 
hy personic applications. The current effort includes development and validation of 
models and methods to describe the ph y sical and chemical phenomena associated 
with the design of highl y integrated propulsion/airframe systems and high-altitude 
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toward X-30 flight 
research to com-
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gy for supersonic combustion ramjet systems and other innovative propulsion con-
cepts; anti development of high-temperature, high-strength airframe and engine 
materials, anti advanced structural concepts including active cooling. It also includes 
the development and validation of appropriate guidance, navigation, and control 
synthesis methodologies and integrated multidisciplinary modeling and analysis meth-
ods. Finall y , it includes the development and validation of critical hypersonic ground 
and flight experimental facilities anti instrumentation technologies.
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Critical Disciplines 
Successful pursuit of these directed efforts - or an y new aeronautical endeavors that 
may be undertaken in the future - will be heavil y dependent on effective continuing 
development of fundamental discipline technolog y. understanding, anti methodolo- 
gies. The critical discipline thrust is intended to pioneer the development of innova- 
tive concepts and provide the physical understanding and the theoretical. experimen-
tal. and computational tools required for the efficient design anti operation of 
advanced aerospace systems. 
Considerable emphasis is being placed on fundamental issues 
such as boundary la yer transition and turbulence, anti materials behavior including 
constitutive laws, failure mechanics, and life prediction. In addition to further devel-
opment anti validation of the individual discipline technologies anti anal ysis method-
ologies, the researchprogranis include development and evaluation of multidiscipli-
nary methodologies and optimization techniques for design anti anal ysis of complete 
vehicle systems. They also include the development of ground-based and flight-test 
techniques and measurement sciences for validation of single-discipline and multidis-
ciplinary predictive capabilities. 
National Facilities 
The national facilities thrust addresses the development, maintenance. and operation 
of critical national facilities for aeronautical research and for support of industry. 
DoD. and other NASA programs. The objectives include: 
Completion of the five-year Wind Tunnel Revitalization program inhaled sev-
eral years ago to upgrade and modernize the major NASA wind tunnels and to 
institute effective preventive maintenance measures. 
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Follow-on activity to further enhance the productivity of selected critical 
wind tunnels. 
Development of an intergrated national plan for fulfillment of future aeronau-
tical facilities requirements, including essential hypersonic facilities. 
Maintenance of leadership in multidisciplinary numerical simulation of 
advanced aerospace vehicles and propulsion systems by continued improve-
ments in leading-edge computational facilities and capabilities (including a 
thousandfold increase in operational capability of the NASA facility by the 
year 2000). 
•	 Assurance that NASA's national aeronautical experimental, computational, 
and analy tical facilities are appropriatel y utilized and and maintained. 
•	 Strengthening of NASA's Ames-Dryden capabilities as a prime national flight 
research asset for future U.S. experimental programs. U
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X-29 toward-swept-
wing aircraft (left) 
flying in joint	 -	 --	 - 
DARPA/NASA-
/USAF flight 
research program 
A supersonic short-
takeoff/vertical-
landing (STOVL) 
model (right) used 
in a flow visualiza-
tion test to study the 
effects of ground 
proximity and flow	 - 
diverters on hot gas	 .--	 - - -. 
ingestion. Super-
sonic STOVL has 
been the subject of 
extensive NASA 
research in cooper-
ation with the 
United Kingdom 
and Canada.
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